Introduction
Intrahepatic arterioportal fistula (IHAPF) is a congenital or acquired condition in which a circulatory shunt forms between the hepatic artery and a hepatic or portal vein within the liver. This pathology is uncommon in humans and dogs but extremely rare in cats. Only three cases of IHAPF have previously been described in cats, 1,2 whereas congenital IHAPF has been reported in 18 human cases. 3 Both congenital and acquired cases have been reported in people, 4 but almost all reported cases in dogs and cats have been congenital. 1, 2, [5] [6] [7] IHAPF in dogs has been treated by hepatic lobectomy, feeding artery ligation and feeding artery glue embolisation. Comparing results from these procedures, glue embolisation has been found to offer the best long-term prognosis. 7 In people, IHAPF has been treated by liver transplantation, feeding artery surgical ligation, feeding artery embolisation and end-to-side portocaval shunt. 3, 8, 9 A previous study in cats only reported diagnosis, and treatment and prognosis have not been described. 1, 2 A cat with IHAPF and multiple concomitant acquired portosystemic shunts was treated by coil embolisation 
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Case summary A 13-month-old, female, mixed breed, 4.0 kg cat was referred with a 6 month history of decreased appetite, loss of vigour and intermittent vomiting. Physical examination revealed no cyanosis or wasting, and no audible heart murmur was auscultated. Blood profile revealed mild anaemia and mildly elevated postprandial serum ammonia (109 µg/dl). Abdominal ultrasonography revealed dilation of an intrahepatic portal vein branch and an intrahepatic aneurysm, with splenomegaly and ascites. Hepatic arteriovenous fistula/hepatic artery-portal vein fistula with multiple acquired portosystemic shunts was strongly suspected. Medical control was achieved using antibiotics, liver-protecting agents, a low-protein diet and blood transfusions. However, because medical treatment proved ineffective, coil embolisation was performed on day 11, using a hybrid approach via the mesenteric vein. Subsequent follow-up showed good appetite, with no signs of diarrhoea or ascites. Abdominal ultrasonography revealed that the mosaic pattern around the site of coil placement in the portal vein branch had improved and pulsatility had disappeared. Relevance and novel information Intrahepatic arterioportal fistula involves a circulatory shunt between the hepatic artery and the hepatic or portal vein within the liver, and may be congenital or acquired. Both forms have been reported in humans, but most cases in cats have been congenital. Few reports have described treatment methods or prognosis in cats. We report here that coil embolisation using a hybrid approach is a procedure offering easy, effective treatment by blocking hepatofugal blood flow. 
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Case description
A 13-month-old, female, mixed-breed cat weighing 4.0 kg was referred to the Animal Medical Center at the Tokyo University of Agriculture and Technology with chronic decreased appetite, loss of vigour and intermittent vomiting from 7 months of age. Physical examination revealed no cyanosis or wasting, and no heart murmur was auscultated. Arterial blood pressure was within the normal range (139/98 mmHg [mean arterial pressure 113 mmHg]). Complete blood count revealed mild anaemia with haematocrit (Hct) 22.5%, and serum biochemistry revealed elevated levels of aspartate aminotransferase (114 U/l), alanine aminotransferase (366 U/l) and preprandial serum ammonia (109 µg/dl). Levels of albumin (3.1 g/dl) and total bile acid (TBA) (preprandial, 3.3 µmol/l; postprandial, 3.6 µmol/l levels) were within normal limits. Abdominal ultrasonography revealed dilation of an intrahepatic portal vein branch and an intrahepatic saccular dilation (maximum diameter 10.3 mm) showing pulsatile mosaic perfusion. Contrastenhanced (4 ml iodine contrast agent; Iopamidol injection [Konica Minolta Health Care]) CT confirmed dilation of a portal vein branch (diameter 6.7 mm) in the left lateral hepatic lobe with several tortuous vessels that appeared continuous with the hepatic artery and a nidus visible around the associated portal vein branch ( Figure 1 ). CT also confirmed the presence of multiple shunt vessels.
Moderate splenomegaly and ascites were also present. Based on these findings, hepatic arteriovenous fistula/hepatic artery-portal vein fistula with multiple acquired portosystemic shunts was strongly suspected. The cat was medically controlled using antibiotics (ampicillin sodium, 15 mg/kg q12h), liver-protecting agent (ursodeoxycholic acid, 50 mg q12h) and a low-protein diet with blood transfusions. However, because medical treatment proved ineffective, coil embolisation was performed on day 11 using a hybrid approach via the mesenteric vein.
Intravenous (IV) ampicillin sodium was administered at 30 mg/kg (ampicillin Na injection; Kyoritsu Seiyaku) to prevent infection, with IV buprenorphine hydrochloride at 0.01 mg/kg (Lepetan 0.2 mg; Otsuka Pharmaceutical) as pain relief. Following preadministration of a subcutaneous injection of atropine sulfate at 0.02 mg/kg, general anaesthesia was induced using 5% isoflurane (Isoflurane for Animal Use; Intervet). Coil embolisation was performed via a transperitoneal approach under general anaesthesia maintained with isoflurane inhalation (3.5-4.0%). For the midline transperitoneal approach, the mesenteric vein was cannulated with an IV catheter, and portal venous pressure was 26/24 mmHg (mean pressure 24 mmHg) (portal venous pressure in anaesthetised cats is 8.9 ± 0.35 mmHg, with a mean of 7.38 ± 2.7 mmHg). 10 A wide area of greater omentum was pale and the colour of the intestines suggested congestion. Anterograde angiography with iodine contrast agent (4 ml) showed that the contrast medium injected into the portal vein branch immediately diverted into the mesenteric vein, and multiple shunts were visible in the abdominal cavity. Congestion, dark-red colouration and varicose projections were apparent in part of the right medial hepatic lobe, which presented an extremely irregular texture. However, no abnormalities in external appearance were observed in the quadrate or left medial lobes. A small amount of pale-yellow ascites fluid was accumulated in the abdominal cavity. The splenic head was enlarged and dark red, and splenectomy to improve anaemia was performed using a vessel-sealing system (LigaSure; Covidien). After splenectomy, a 3 Fr sheath was inserted in the proximal mesenteric vein and a 0.018 inch guidewire was introduced. A microcatheter (Virtus 2Marker microcatheter; Boston Scientific Japan) was then inserted under fluoroscopic guidance as far as the region of the arterioportal fistula. A detachable coil (interlocking detachable coil, 12 mm, 20 cm × 1 coil; Boston Scientific Japan) was deployed inside the portal vein branch under fluoroscopic guidance. Portal venous pressure was measured and peristaltic movements and colour of the intestines were checked, then five push-up coils (Cook push-up coils: 10 mm, 14.2 cm; Cook Japan) were added in order to embolise the intrahepatic portal vein (Figures 2 and 3) . Portal venous pressure after coil embolisation was 27/23 mmHg (mean pressure 25mmHg). Recovery from anaesthesia was uneventful, and appetite was evident 3 h postoperatively. Postoperative condition was improved, with no diarrhoea or vomiting. The day after the operation (day 12), pulsatile mosaic perfusion on abdominal ultrasonography was decreased in the intrahepatic branches of the portal vein. The animal was discharged on day 15. On day 92, the animal was vigorous and showed a good appetite, with no sign of diarrhoea or ascites. Postprandial serum ammonia (197 µg/dl) showed no decrease and remained medically controlled using ursodeoxycholic acid, but no sign of hepatic encephalopathy was identified and the cat exhibited good levels of activity and a stable condition. In addition, anaemia was improved (Hct 30.9%). On day 113, abdominal ultrasonography revealed that the mosaic pattern around the site of coil placement was nearly undetectable. Discussion IHAPF is extremely rare in cats, and our search of the literature suggests that this represents the first report of surgical treatment. 1, 2 Clinical signs in this case were loss of vigour, decreased appetite, vomiting and ascites, similar to previous reports of this condition in dogs and cats. 1,2,6,7,11 However, signs of hypoalbuminaemia and high TBA were not observed in previous reports of canine cases, and no cases with vascular murmurs in the anterior abdomen have been reported. Unlike the situation in dogs, these signs may not be seen in cats. Colour Doppler ultrasonography has been reported as a useful tool for the diagnosis of IHAPF in both cats and dogs. 2, 12, 13 In the present case, ultrasonography revealed a dilation of an intrahepatic portal vein branch and an intrahepatic saccular dilation with pulsatile mosaic perfusion in the portal vein branch. Contrast-enhanced CT also revealed a dilated portal vein branch, tortuous vessels and a nidus in the liver. Moreover, CT was useful in detecting multiple shunt vessels. These diagnostic tools are therefore very useful for the diagnosis of IHAPF. In surgery, anterograde angiography from the mesenteric vein produced a stain only on a small part of the portal vein, suggesting that retrograde blood flow was entering from the hepatic artery via the fistula.
IHAPF in dogs has been treated surgically by hepatic lobectomy, arterial ligation or arterial glue embolisation.
Of these, glue embolisation has been found to offer the best long-term prognosis. 7 Attempts at surgical treatment for feline IHAPF have not been described. 1 Hepatic lobectomy enables the removal of the lesion, as the origin of this disorder itself, and is useful if the IHAPF has developed within a single hepatic lobe. However, this entails a risk of major haemorrhage, and the large amount of hepatic parenchyma removed may cause liver dysfunction. A study comparing outcomes between the various treatments found that lobectomy does not always provide favourable prognosis. 7 Coil embolisation reduces the risk of haemorrhage compared with lobectomy, although a recurrence of portal hypertension often occurs with congenital IHAPH in people. 3 Vessel ligation at the site of the arteriovenous fistula can treat the shunt directly, but these procedures also require dissection of the hepatic parenchyma, resulting in a risk of major haemorrhage and extending surgical time.
In the present case, the arteriovenous fistula was localised to the left lateral hepatic lobe, so anatomical lobectomy was possible. However, considering the anaemia and other conditions, intrahepatic portal vein branch embolisation was selected as a means of reducing the volume of haemorrhage and produced good outcomes. [14] [15] [16] Coils were chosen rather than glue embolisation, to enable accurate embolisation at the target position under conditions in which the iodine contrast agent was being pushed back by the strong blood flow from the artery via the fistula. Performing coil embolisation using a hybrid approach, rather than percutaneously, reduces the distance to the target position compared with an approach via the neck. Consequently, this makes the operation easier to perform, and enables additional coils to be placed while the state of the intestines is confirmed by visual inspection at the same time as measurements of portal venous pressure before and after coil placement.
In this cat, high-pressure arterial blood flowing into the left intrahepatic portal vein branch from the hepatic artery branch created retrograde hepatofugal flow to the right hepatic lobe and the distal part of the portal vein, causing portal hypertension. This high-pressure hepatofugal flow interferes with the natural flow of blood into the liver from the portal vein. The presence of splenomegaly also suggested an increase in the volume of blood flowing from the spleen to the liver. The portal vein hypertension generated by the inflow of hepatofugal arterial blood and its interference with the flow of portal venous blood into the liver was the underlying cause of the condition prior to coil placement. After coil placement, the inflow of hepatofugal arterial blood was stopped and portal venous blood could flow into the hepatic lobes. 17 In the present case, no great change in portal venous pressure was observed before (26/24 mmHg [mean pressure 24 mmHg]) and after coil placement (27/23 mmHg [mean pressure 25 mmHg]). This is similar to cases in dogs that have undergone hepatic lobectomy that have not exhibited major reductions in portal venous pressure immediately after lobectomy. 18 This suggests that closure of the IHAPF, the origin of the disease itself, does not immediately lead to a drop in portal venous pressure. Increased retrograde hepatofugal flow may be related to histological findings, including fibrosis of the hepatic parenchyma at the IHAPF and hypoplasia of the intrahepatic portal vein. 7 Even after closure of the IHAPF, these hepatic changes remained and the increased portal venous pressure was maintained. The disappearance of retrograde hepatofugal flow may lead to the regeneration of hepatic tissue and decreases in portal venous pressure in the future. Alternatively, the disappearance of hepatofugal flow may have been related to suppression of the intrahepatic arteriovenous fistula by the coils preventing flow from the highpressure system of the hepatic artery to the low-pressure system of the portal vein.
A previous study evaluated the prognosis for surgical treatment of intrahepatic arteriovenous fistula based on clinical signs. 7 In that investigation, prognoses were divided into four types: excellent (clinical signs resolved and no medical treatment required), good (clinical signs resolved but some sort of medical treatment required), poor (clinical signs continued or surgery-related death occurred) and overall poor (clinical signs exacerbated or intraoperative death). Under this classification, the present case corresponded with 'good' (clinical signs resolved but administration of ursodeoxycholic acid continued), suggesting that the therapeutic outcome of this method was at least equivalent to those of previously applied surgical methods. We demonstrated an improvement of clinical signs and prevention of pathological exacerbation.
Conclusions
The present case suggests that coil embolisation using a hybrid approach is a procedure that offers an easy and effective treatment by blocking hepatofugal blood flow. This procedure may therefore constitute an effective method of surgical treatment for feline IHAPF.
